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I n  a study of t h e  organic  s t r u c t u r e s  i n  coa ls  and t h e i r  r e a c t i v i t y  i n  chemical 
and thermal processes,  i t  is  d e s i r a b l e  to reduce the  complexity of t he  ma te r i a l  
wi th  some s o r t  of phys ica l  s epa ra t ion .  One such approach i s  t h e  sepa ra t ion  of t he  
coa ls  i n t o  t h e i r  maceral groups, which are the  microscopica l ly  i d e n t i f i a b l e  organic  
po r t ions  of coa l  which have d i f f e r e n t  o r i g i n s ,  chemical and phys ica l  f e a t u r e s ,  and 
r e a c t i v i t y .  Two bituminous coa l s  have been separa ted  i n t o  t h e i r  t h r e e  main maceral 
groups: e x i n i t e ,  v i t r i n i t e ,  and i n e r t i n i t e ,  us ing  a modified f loa t - s ink  technique 
which uses  a n a l y t i c a l  dens i ty  g rad ien t  cen t r i fuga t ion  (DGC) t o  determine the  appro- 
p r i a t e  dens i ty  ranges. 
has j u s t  r ecen t ly  been repor ted  (1 ,2 ) .  

The DGC technique which e x p l o i t s  t h e  d i f f e rences  i n  d e n s i t i e s  

The chemistry of macerals separa ted  by DGC, f l oa t - s ink  and hand picking has 
been inves t iga ted  r ecen t ly  by seve ra l  techniques inc luding:  s o l i d  13C nmr (3 ,4) ,  
ox ida t ion  (5 ,6 ) ,  and mass spectrometry (5,6,7,8). Early work focused on chemical 
p rope r t i e s  (9) and e s r  spectroscopy (10).  I n  t h e  approach taken i n  t h i s  s tudy  t h e  
maceral concent ra tes  were pyrolyzed i n  a vacuum and the  r e s u l t i n g  products co l l ec t ed  
and then charac te r ized  by gas chromatography mass spectrometry and by GC microwave 
plasma emission spectroscopy. 
l i n e  pyrolysis-GCMS method f o r  two reasons .  F i r s t ,  experiments i n  t h i s  l abora to ry  
have shown t h a t  with the  vacuum technique, secondary r eac t ions  such as aromat iza t ion  
of a l i c y c l i c s  is less l i k e l y  t o  occur .  Second, b e t t e r  q u a n t i t a t i v e  d a t a  can be  
obtained wi th  a batch type r eac t ion  scheme. 

The vacuum technique w a s  chosen over t h e  t y p i c a l  on- 

I n  add i t ion  t o  c h a r a c t e r i z a t i o n  of thermal products ,  t h e  chemical r e a c t i v i t y  
of t hese  concent ra tes  has been s tud ied .  Reactive hydrogens such as benzyl ic  types  
have been determined from t h e  r eac t ion  of t he  macerals wi th  pyr id ine  and iod ine  t o  
form pyridinium iodides :  

Coal-ArCH; Coal-ArCH- + H I  

I 2  

It has been shown t h a t  t h e  number of pyridinium iodides  per 100 carbon atoms i n  t h e  
o r i g i n a l  coa l  decreases wi th  inc reas ing  rank (11). Fur ther  s t u d i e s  have shown t h a t  
these  de r iva t i zed  coa l s  a r e  ac t iva t ed  toward ox ida t ive  s o l u b i l i z a t i o n  using a 
reagent ,  a l k a l i n e  s i l v e r  oxide,  which normally is q u i t e  i n e f f e c t i v e  i n  d i s so lv ing  
raw coa l s .  I n  t h e  r e s u l t s  from the  thermal and chemical r e a c t i o n s ,  s i m i l a r i t i e s  
and d i f f e rences  have been noted which w i l l  be d iscussed  l a t e r .  Also, i t  should be  
emphasized t h a t  i n  t h i s  s tudy  w e  a r e  examining maceral concent ra tes  from the  th ree  
main groups which a r e  der ived  from t h e  same coa l .  
r ep resen ta t ive  of bituminous coa l s  and not  t o  be sap rope l i c  coa l s  where t h e  chemistry 
may be more unusual due t o  t h e  t y p i c a l l y  l a r g e  e x i n i t e  conten t .  

These coa l s  were chosen t o  be 

EXPERIMENTAL 

TWO of the  coa l s  used i n  t h i s  study were obtained from the  Penn State  Coal 
Sample Bank. They were an  HVA bituminous coa l  (PSOC 1103) from t h e  Upper Elkhorn 
13  seam i n  Eas te rn  Kentucky and an HVA bituminous coa l  (PSOC 828) from t h e  B r a z i l  
Block seam i n  Indiana.  A t h i r d  coa l  from which v i t r i n i t e  and f u s i n i t e  were hand 
picked was an I l l i n o i s  No. 2 s e a m  HVC bituminous coa l  from Northern I l l i n o i s .  A l l  
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of t h e  elemental  ana lyses ,  pe t rog raph ic  ana lyses ,  and y i e l d s  of t h e  samples a r e  
presented i n  Table 1. 
previous ly  (1). 
i n  aqueous C s C l  
added t o  d i spe r se  t h e  coa l  p a r t i c l e s .  
t h e  s ink  f r a c t i o n  i s  f u r t h e r  separa ted  i n t o  v i t r i n i t e  and i n e r t i n i t e  f r a c t i o n s  by 
repea t ing  the  procedure a t  a h igher  dens i ty .  The process y ie lded  gram q u a n t i t i e s  
of concent ra tes .  
coa l s  of s imi l a r  o r i g i n  and rank. The technique used f o r  pe t rographic  ana lys i s  has 
a l s o  been repor ted  e a r l i e r  (2 ) .  

The d e t a i l s  of t h e  s ink - f loa t  technique have been reported 
Typica l ly ,  3 micron p a r t i c l e  s i z e  demineralized coa l  i s  Centrifuged 
s o l u t i o n  of t h e  appropr i a t e  dens i ty  with a s m a l l  amount of sur fac tan t  2 The e x i n i t e s  i n  the  f l o a t  a r e  co l l ec t ed  and 

The d e n s i t y  cu to f f  po in t s  were determined from a n a l y t i c a l  DGC of 

I n  t h e  py ro lys i s  experiment, t y p i c a l l y  30 mg of sample w a s  heated i n  a quartz 
tube a t  4OO0C f o r  24 h r s  a t  2x10 
t h e  more v o l a t i l e  products a t  l i q u i d  n i t rogen  temperature.  
were analyzed by GCMPES (MPD-850) us ing  a 25m x 0.25 m i . d .  OV-101 fused s i l i c a  
column and by GCMS (Kratos MS25) us ing  a 30m x 0.25 mm i .d .  DB-5 column. 

t o r r .  Tars were trapped a t  room temperature and 
These two f r a c t i o n s  

The pyridinium iod ide  coa l s  were prepared by r e f lux ing  1 g of coa l  o r  maceral 
concent ra te  i n  60 m l  of py r id ine  w i t h  4 g of iod ine  f o r  70 h r s .  
mixture w a s  poured i n t o  10% aqueous NaHS03 and t h e  s o l u t i o n  f i l t e r e d .  
coa l  was washed f r e e  of py r id ine ,  d r i e d ,  and analyzed. Por t ions  of t h e  ac t iva t ed  
coa l  were oxidized wi th  f r e s h l y  prepared s i l v e r  oxide i n  r e f lux ing  aqueous NaOH. 
The oxida t ion  products,  which were so lub le  i n  a l k a l i n e  a h t i o n ,  were a c i d i f i e d  and 
then ex t r ac t ed  wi th  a s e r i e s  of o rgan ic  so lven t s .  
so lub le  i n  a l k a l i n e  s o l u t i o n  o r  p o l a r  so lven t s .  

The r eac t ion  
The der iva t ized  

The major products were only 

RESULTS AND DISCUSSION 

Of p a r t i c u l a r  i n t e r e s t  i n  t h i s  study is the  na tu re  of t he  non-aromatic s t r u c t u r e s ,  
i n  t h e  th ree  main maceral groups. It should be noted t h a t  t he  e x i n i t e s  i n  both 
these  coa l s  a r e  90% s p o r i n i t e .  
t h e  a l i p h a t i c s ,  are f a i r l y  mobile a t  some period during t h e  formation of coa l  
(5,6).  
r i c h  i n  e x i n i t e s  and some contained a l g i n i t e .  
work have a more normal d i s t r i b u t i o n  of macerals and y e t  t h e  py ro lys i s  r e s u l t s  
i n d i c a t e  t h a t  migra t ion  of molecules from t h e  e x i n i t e s  t o  v i t r i n i t e  and then incor- 
pora t ion  i n t o  the  macromolecular s t r u c t u r e  might have occurred. 

It has been theorized t h a t  smal l  molecules, espec ia l ly  

The s t u d i e s  which suppor t  t h i s  theory were.done on coa l s  t h a t  were very 
The two coa l s  chosen i n  the  present 

Chromatograms from t h e  GCMPES carbon channel of t he  t a r s  from two e x i n i t e s  and 
a v i t r i n i t e  a r e  shown i n  F igure  1. 
t h e  compounds i n  the  t a r  along wi th  a s e r i e s  of t r i t e r p e n e s  which are s l i g h t l y  
a l t e r e d  hopanes. A genera l  s t r u c t u r e  f o r  hopane i s  shown i n  the  upper r i g h t  of the 
f i g u r e .  F i r s t ,  we be l ieve  
t h a t  these  compounds were der ived  from t h e  macromolecular s t r u c t u r e s  i n  these  
macerals. During t h e  p repa ra t ion  of t he  concent ra tes  most of t he  so lub le  molecules 
a r e  removed. Evidence f o r  t h i s  is  found from examination of t he  e x t r a c t s  of the 
whole, un t rea ted  coa l s .  
p r i s t a n e  which has been i d e n t i f i e d  many t i m e s  p rev ious ly  i n  e x t r a c t s  (11) and coal 
l i q u i d s  (12).  
i t  is  s t a b l e  under t h e  cond i t ions  used. A t  least a po r t ion  of t he  macromolecular 
s t r u c t u r e s  i n  the  e x i n i t e  and v i t r i n i t e  could be s imi l a r .  A s  one would expect,  
t he  y i e lds  of t hese  a l i p h a t i c  and a l i c y c l i c  compounds a r e  less i n  the  v i t r i n i t e s .  
The y i e l d s  follow inve r se ly  t h e  f r a c t i o n  of aromatic carbons (4) i n  these  t h r e e  
maceral  groups. 
v i t r i n i t e )  which i s  r e f l e c t e d  i n  t h e  py ro lys i s  y i e lds .  

Long cha in  normal a lkenes  and a lkanes  dominate 

Severa l  p o i n t s  should be  made concerning these  r e s u l t s .  

One of t h e  major compounds i s o l a t e d  is t h e  biomarker 

However, t h i s  compound is absent  from the  py ro lys i s  products ,  although 

The e x i n i t e  concen t r a t e  f o r  t he  Kentucky coa l  i s  q u i t e  impure (50% 

Another s i m i l a r i t y  between v i t r i n i t e  and the  e x i n i t e  i s  t he  ex is tence  of 5 
member r ing  t r i t e r p e n e s  i n  t h e  pyro lysa tes .  
Peak a t  m/z = 191 i n  t h e i r  mass s p e c t r a ,  have been found i n  py ro lys i s  MS O f  a l g i n i t e  

These compounds, which show t h e  base 
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(5 ) .  c o a l  e x t r a c t s  (6,13),  and o i l  sha l e s  (14 )  and are usua l ly  a s soc ia t ed  wi th  some 
type  O f  a l g a l  o r ig ins .  
probably more importantly,  t h a t  they were not  aromatized. From t h e  GCMS i t  appears  
t h a t  only one of t hese  peaks may r ep resen t  a spec ie s  conta in ing  one aromatized 
r ing .  
O f  molecular mobi l i ty  dur ing  t h e  e a r l y  s t a g e s  of t h e  format ion  of t h i s  coa l .  

It i s  s u r p r i s i n g  t h a t  they were found i n  these  c o a l s  and 

Again these  r e s u l t s  sugges t  t h a t  t h e r e  could have been a s i g n i f i c a n t  amount 

There is a much l a r g e r  v a r i a t i o n  between py ro lys i s  product v o l a t i l e  f r a c t i o n s  
f o r  t h e  e x i n i t e s  and v i t r i n i t e s .  
a lkenes  up t o  approximately C19 wi th  C16 being the  most abundant product.  
low molecular weight hydrocarbons such as methane and e thane  were not  analyzed. 
Also, benzene and phenol d e r i v a t i v e s  were found as minor products .  
products were dominated by a romat ics  such as alkylbenzenes,  a lkylnaphtha lenes ,  
phenols,  and naphthols.  The smaller a lkane /a lkenes  were a l s o  found. These r e s u l t s  
are  more cons i s t en t  wi th  what w a s  found i n  py ro lys i s  MS of s p o r i n i t e s  and v i t r i n i t e s  

The s p o r i n i t e  y ie lded  mostly normal a lkanes  and 
The ve ry  

The v i t r i n i t e  

(5 ,7 ) .  

Pyro lys i s  r e s u l t s  f o r  t he  i n e r t i n i t e  concent ra tes  are f a i r l y  inconclus ive  due  
t o  t h e  high concent ra t ion  of v i t r i n i t e  except f o r  t h e  I11 1 2  f u s i n i t e  which w a s  
q u i t e  unreac t ive .  Py ro lys i s  MS of t h i s  f u s i n i t e  shows mostly a lky la t ed  naphthalenes 
and phenanthrenes. What may be i n t e r e s t i n g  i s  t h e  Kentucky i n e r t i n i t e  f r a c t i o n  
which i s  thought t o  con ta in  ~ 5 0 %  pseudo-vi t r in i te .  
ca tegor ized  with v i t r i n i t e s  w a s  placed i n  the  i n e r t i n i t e  column due t o  i t s  low 
r e a c t i v i t y  both i n  py ro lys i s  and i n  the  pyridine-iodine r eac t ion .  

This maceral  which i s  u s u a l l y  

I n  the  formation of t h e  pyridinium salts  t h e  v i t r i n i t e s  were the  most r e a c t i v e  
and gave s imi l a r  r e s u l t s  t o  those  found f o r  a series of v i t r i n i t e  r i c h  c o a l s  of 
va r ious  ranks.  I f  t he  s p o r i n i t e s  had a h ighly  c r o s s  l inked  a l i p h a t i c  s t r u c t u r e  
s i m i l a r  t o  t h a t  found i n  Type I o r  Type I1 o i l  s h a l e  kerogens one would expect 
t hese  e x i n i t e s  t o  be unreac t ive .  However, they have been found t o  be only s l i g h t l y  
l e s s  r e a c t i v e  than v i t r i n i t e .  Apparently,  t h e  y i e l d s  i n  t h i s  r e a c t i o n  cannot 
expla in  t h e  d i f f e rence  i n  r e a c t i v i t y  between s p o r i n i t e s  and v i t r i n i t e s  i n  py ro lys i s  
and SCT l i que fac t ion  (15), bu t  do r e f l e c t  t he  lower r e a c t i v i t y  of i n e r t i n i t e s .  

A t e n t a t i v e  conclus ion  is t h a t  s p o r i n i t e s  and v i t r i n i t e s  of t h e  same rank  have 
ve ry  similar s t r u c t u r e s  bu t  vary  i n  t h e  mix of a l i p h a t i c s  and aromat ics  whi le  t h e  
s t r u c t u r e s  i n  i n e r t i n i t e s  are very  d i f f e r e n t .  
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Figure 1. Partlal gas chromatograms of vacuum pyrolysis tars. 
The shaded peaks are compounds derlved from trlterpenes. 
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